Complex defects in neuronal signaling may underlie the dysfunctions that characterize schizophrenia. Using cDNA microarrays, we discovered that the transcript encoding regulator of Gprotein signaling 4 (RGS4) was the most consistently and significantly decreased in the prefrontal cortex of all schizophrenic subjects examined. The expression levels of ten other RGS family members represented on the microarrays were unchanged and hierarchical data analysis revealed that as a group, 274 genes associated with G-protein signaling were unchanged. Quantitative in situ hybridization verified the microarray RGS4 data, and demonstrated highly correlated decreases in RGS4 expression across three cortical areas of ten subjects with schizophrenia. RGS4 expression was not altered in the prefrontal cortex of subjects with major depressive disorder or in monkeys treated chronically with haloperidol. Interestingly, targets for 70 genes mapped to the major schizophrenia susceptibility locus 1q21-22 were present on the microarrays, of which only RGS4 gene expression was consistently altered. The combined data indicate that a decrease in RGS4 expression may be a common and specific feature of schizophrenia, which could be due either to genetic factors or a diseasespecific adaptation, both of which could affect neuronal signaling. Molecular Psychiatry (2001) 6, 293-301.
Introduction
Schizophrenia is a devastating brain disorder that affects ෂ1% of the population. 1, 2 The etiology of the disease remains elusive, with studies implicating the effects of both genetic and environmental factors on neurodevelopmental processes. [3] [4] [5] The dorsal prefrontal cortex (PFC) is a prominent site of dysfunction in schizophrenia, [6] [7] [8] where convergent lines of evidence have reported alterations in both pre-and postsynaptic elements. 6, 7, [9] [10] [11] [12] [13] Regulators of G-protein signaling (RGS), a recently discovered family of proteins, 14, 15 play a crucial role in modulating signaling through G-protein pathways. 16, 17 RGS proteins attach to GTP-bound G-alpha proteins with variable substrate specificity. By acting as GTPase activating proteins (GAPs), RGS proteins shorten the duration of G-protein mediated intracellular signaling. At least 20 RGS family members have been identified, and initial expression data indicate that subsets of RGS proteins are expressed in virtually all cells. 16, 17 In the brain, distinct anatomical distributions although RGS expression patterns have not been linked to specific neurotransmitter systems. 19 In addition, Gprotein coupled neurotransmitter receptors (GPCRs) that signal through RGS-modulated G-alpha complexes, such as the dopamine D 2 or metabotropic glutamate receptors, are also expressed in restricted, though overlapping, neuronal subpopulations. [20] [21] [22] [23] Many of these RGS-modulated GPCRs are the targets of antipsychotic drugs. [24] [25] [26] We used cDNA microarrays to investigate potential alterations in transcript expression of six pairs of schizophrenic subjects and non-affected controls. We determined that RGS4 is the most consistently changed individual transcript of over 7800 genes represented on the microarray, whereas other RGS family members and G-protein signaling components, as a group, were unchanged. In situ hybridization was used to verify the RGS4 microarray data, to include additional subject comparisons, and to examine the regional and diseaserelated specificity of this change. RGS4 maps to locus 1q21-22 (NCBI accession number U27768, UniGene cluster Hs.227571), a chromosome region strongly linked to schizophrenia, 27 and thus is a candidate for a major schizophrenia susceptibility gene on this locus.
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Material and methods
Characteristics of subjects
Two groups of schizophrenic and matched control subjects were used in these studies. Except for pair 557c (male)-537s (female), subject pairs were matched for sex (17 males and five females). The mean (± SD) difference within pairs was 4.6 ± 3.5 years for age and 4.4 ± 2.7 h for postmortem interval (PMI). The entire group of schizophrenic and control subjects did not differ in mean (± SD) age at time of death (46.5 ± 10.7 and 45.1 ± 11.5 years, respectively), PMI (19.4 ± 7.1 and 17.7 ± 5.0 h, respectively), brain pH (6.85 ± 0.29 and 6.81 ± 0.15, respectively), or tissue storage time at −80°C (45.4 ± 12.3 and 37.7 ± 13.1 months, respectively) when the studies were initiated. Nine of 11 schizophrenic subjects were receiving antipsychotic medications at the time of death, five had a history of alcohol abuse or dependence, and one died by suicide. We also studied 10 subjects with major depressive disorder (MDD) without psychosis, each matched to one control subject. These subject pairs were also matched for sex (18 males and two females). The mean (± SD) difference within pairs was 1.2 ± 1.4 years for age and 2.5 ± 2.1 h for PMI. The subject groups did not differ in mean (± SD) age at time of death (52.7 ± 13.1 and 52.1 ± 13.1 years, respectively), PMI (14.9 ± 5.3 and 15.7 ± 5.5 h, respectively), brain pH (6.81 ± 0.17 and 6.72 ± 0.30), or tissue storage time at −80°C (39.0 ± 17.4 and 39.9 ± 13.2 months, respectively). Two of the depressed subjects had a history of alcohol dependence, and six died by suicide. Two of the control subjects had also been matched to the subjects with schizophrenia (685c, 604c). Consensus DSM-IIIR diagnoses were made for all subjects using data from clinical records, toxicology studies and structured interviews with surviving relatives, as described in detail previously. 28 
Microarray experiments
Methods of tissue preparation, nucleic acid isolation, sample labeling, microarray hybridization and data analysis were reported previously. 10 Briefly, 200 ng mRNA was reverse transcribed using Cy3-or Cy5-labeled fluorescent primers; appropriate matched control and schizophrenic sample pairs were combined, and hybridized onto the same UniGEM-V cDNA microarray (Incyte Genomics, Fremont, CA, USA). Each UniGEM-V array contained over 7800 unique and sequence verified cDNA elements. If a gene or EST was differentially expressed, the cDNA feature on the array bound more of the labeled probe from one sample than the other, producing either a greater cy3 or Cy5 signal intensity. Microarrays were scanned under Cy3 and Cy5 fluorescence, and the resulting images were independently analyzed for signal intensity. The signal intensities were balanced to standards and compared using Incyte's proprietary software, GemTools. The operators performing the labeling, hybridization, scanning and signal analysis were blind to the specific category to which each sample belonged.
Gene expression criteria Based on Incyte's control hybridization studies and our control experiments, 10 array data reliability and reproducibility cutoffs were established as follows:
(1) Genes were comparably expressed between the control and experimental samples if the Cy3/Cy5 ratio or Cy5/Cy3 ratio was Ͻ1.6. (2) Gene expression was changed between the two samples at the 95% confidence level (95% CL; Ͻ5% false positive data) if the Cy3/Cy5 or Cy5/Cy3 signal was 1.6-1.89. (3) Gene expression was changed between the two samples at the 99% confidence level (99% CL; Ͻ1% false positive data) if the Cy3/Cy5 or Cy5/Cy3 signal was Ͼ1.9.
Gene group analysis Of genes represented on the microarray, a G-protein group of 274 genes was created 10 for data analysis, and included transcripts for GPCRs, heterotrimeric G-protein subunits, RAS proteins, RGS family members, and G-protein dependent inward rectifying K + channels. The 1999 NCBI database human 1q21-22 map is represented by 70 genes on the microarray, although some of them are not expressed in the CNS. These genes (including RGS4 and RGS5) were also analyzed together as a gene group.
10
RGS4 sequences The RGS4 microarray bait sequence matched the entry in the NCBI database (accession number U27768, UniGene cluster Hs.227571). Of the 800-bp mRNA, the double-stranded DNA microarray bait was complementary to the 3Ј region of 571 nucleotides. The antisense, in situ hybridization probe was derived from the mRNA region spanning nucleotides 39-739, resulting in a 700-nucleotide long cRNA probe (see below). Northern hybridization experiments confirmed the specificity of the sequence-verified antisense riboprobe across multiple brain regions.
In situ hybridization
Tissue blocks containing the regions of interest (PFC area 9, motor cortex (MC) and visual cortex (VC)) were identified using surface landmarks and sulci (the superior frontal gyrus, the central sulcus and precentral gyrus, and the calcarine sulcus, respectively). After histological verification of the regions, 20-m sections containing these regions were cut with a cryostat at −20°C, mounted onto gelatin-coated glass slides, and stored at −80°C until use.
To generate cRNA probes, double stranded cDNA containing the RGS4 sequence was first amplified from normal human brain cDNA using custom-designed primers (Forward primer sequence: CCGAAGCCACA GCTCCTC; Reverse primer sequence: CATCCC TCTCCCTTCAGGTG) in a standard PCR reaction. Following cloning of the PCR product and sequence verification, 10 [ 35 S]-labeled riboprobes were synthesized. During hybridization, approximately 3 ng of probe (ෂ2 × 10 6 DPM) were used per slide in a total volume of 90 l. All other methods used were described previously. 10, 29 Following hybridization and washing, slides were air dried and exposed to BioMax MR film (Kodak) for 8-22 h and then dipped in emulsion (NTB-2, Kodak), and exposed for 3-5 days at 4°C. High-resolution scans of each film image were used for quantification of signal with Scion Image (version 4.0 b), and darkfield images were captured from the developed slides. Slides were coded so that the investigator performing the analysis was blinded to the diagnosis of the subjects, with subject pairs always processed in parallel. Three sections per subject per area were analyzed. Hybridization of sections with sense RGS4 riboprobe did not result in detectable signal.
RGS4 hybridization signal was virtually absent in the white matter of human and monkey sections, with both cortical and subcortical labeling patterns comparable to that shown in rat previously. 18 Thus, quantification was performed on film autoradiograms by subtracting the OD of the white matter from the average signal OD measured in five non-overlapping rectangular regions on each section (three sections per tissue block). In PFC and MC, these rectangular regions spanned cortical layers II-VI. Due to the lack of RGS4 signal in layer IV throughout the neocortex, and the great expansion of this layer in VC, we analyzed the supragranular and infragranular signal ODs separately in VC. There were no significant differences in the levels of signal contained in the supra-and infragranular layers, so they were combined as a measure of overall VC signal intensity. The ODs from matched schizophrenic and control subjects were used to calculate relative expression differences between subject pairs.
Monkey experiments Four pairs of male cynomolgus (Macaca fascicularis) monkeys, matched for age and weight, were studied. Frontal cortex from one pair was compared on cDNA microarray and all four pairs were analyzed by in situ hybridization for RGS4 expression in areas 9 and 46. In each pair, one animal was treated for 9-12 months with the antipsychotic medication haloperidol decanoate. Serum levels were in the therapeutic range for the treatment of schizophrenia. 30 Extrapyramidal symptoms were effectively managed by maintenance administration of benztropine mesylate.
Comparison strategies and statistical analyses
Microarray analysis Experimental subjects were compared to control subjects in a pairwise design to control for the effects of age, race, sex and PMI on gene expression. A gene group was changed between the control and schizophrenic subjects if it reported differential expression by both Chi-square and t-test compared to the mean and distribution of all expressed genes on the six microarrays. 10 In situ hybridization analysis In situ hybridization data were analyzed using an analysis of covariance (ANCOVA) with diagnosis as the main effect and brain pH and tissue storage time as covariates. The analysis Molecular Psychiatry was performed both with and without subject pair as a blocking factor. Since both models produced similar results, only the values from the ANCOVA with subject pair as a blocking factor are reported. Changes between groups were also analyzed by descriptive statistics, Pearson correlation and Factor analysis. We elected to use semi-quantitative analysis of tissue sections processed for in situ hybridization, rather than other methods, in order to gain important anatomical information on the cellular and regional expression patterns of the RGS4 transcript in different human cortical regions. In several subject comparisons that had sufficient tissue for additional harvesting, RGS4 transcript levels assessed by quantitative RT-PCR showed the same robust decreases as the microarray and in situ hybridization (data not shown).
Results
We used high-density cDNA microarrays (UniGEM-V, Incyte Genomics) to examine the expression patterns of over 7800 genes and expressed sequence tags in postmortem samples of PFC area 9 from six matched pairs of schizophrenic and control subjects. Our initial microarray findings 10 focusing on hierarchical data analysis reported that the group of genes encoding proteins involved in presynaptic secretory function were consistently changed across schizophrenic subjects.
RGS expression studies in the PFC of schizophrenic subjects
Of the 4.8% of differentially expressed genes, RGS4 transcript was the only gene decreased at the 99% CL in all schizophrenic subjects. Across the six microarray comparisons these decreases ranged from 50% to 84% (Figure 1) .
To verify the microarray findings for the decrease in RGS4 expression, we performed in situ hybridization on the PFC from the same five subject pairs used for the microarray experiments (for pair 794c/665s, sections were not available from the same block of tissue used in the microarray experiment). As a further test of the robustness of our microarray data, we added five subject pairs to the in situ hybridization analysis. In control subjects, RGS4 labeling was heavy in the PFC (Figure 2a) , mimicking previously described labeling in the rat. 18 The labeling of large and small cells was most prominent in layers III and V, with sparse labeling in the intervening granular layer IV. White matter labeling was virtually indistinguishable from off-section background. Based on optical density analysis, 9/10 subject pairs exhibited a 10.2-74.3% decrease in PFC RGS4 expression (Figure 2b ). Across all ten subject pairs, the mean level of RGS4 expression was significantly decreased (−34.4%) in the schizophrenic subjects (F 1,15 = 6.95; P = 0.019). This decrease was comparable in schizophrenic subjects with and without any history of alcohol abuse (t-test; P = 0.125).
Previous studies have shown that significant cell loss does not occur in the cerebral cortex or PFC of schizophrenic subjects. 31, 32 Thus, the reduced RGS4 labeling that we report here is almost certainly due to decreased transcript levels in individual neurons.
RGS4 expression in the PFC of subjects with major depressive disorder (MDD)
We next examined whether the decreased expression of RGS4 transcript was associated with another psychiatric disorder. In situ hybridization analysis of PFC area 9 in ten subjects with MDD revealed no difference in mean levels of RGS4 (+3.5%) expression (F 1,15 = 0.27; P = 0.61) compared to matched controls ( Figure  2c ).
Changes in RGS family members, RGS substrates and G-proteins
To investigate whether the decrease in RGS4 transcript reflects a component-specific change in G-protein signaling in schizophrenia, we analyzed the microarray data for consistent gene expression changes across other RGS-family members (Figure 1) . Nine of the 11 RGS family members represented on the microarrays were expressed in four or more of the microarray comparisons. Other than RGS4, none reported consistent expression changes across schizophrenic subjects. Several reports suggest that changes in heterotrimeric G-proteins, the main substrates for RGS family members, 16, 33 are associated with schizophrenia [34] [35] [36] and D 2 radioligand binding is consistently higher in schizophrenic patients. [37] [38] [39] Of the eight G-alpha RGS substrates represented on the microarrays, only G-olf expression was changed beyond the 95% CL in three or more pairwise comparisons (data not shown). Interestingly, these three subjects with increased G-olf levels (317s, 547s and 622s) showed the most robust decrease in RGS4 expression in both the PFC microarray and in situ hybridization analyses.
Using gene group comparison methods, we examined the expression of 274 genes known to be involved in G-protein signaling cascades. A mean of 105 genes belonging to this group were expressed per subject pair. At the 99% CL, 2.8% of G-protein transcripts were decreased, while 2.8% were increased in the PFC of schizophrenic subjects (Figure 3a) . Gene group analysis by Chi-square test (P = 0.12) and t-test (P = 0.62) closely matched the distribution of all expressed genes, confirming that the different expression levels in the G-protein group are attributable to normal human variability, and not to the disease.
Expression changes of microarray-represented genes located on chromosome 1q21-22
The RGS4 gene maps to the schizophrenia susceptibility locus 1q21-22. 27 To address whether any other genes at this locus have altered expression in the PFC of schizophrenic subjects, we analyzed 70 microarrayrepresented transcripts that map to this cytogenetic region (Figure 3b ). An average of 40 genes were expressed in each comparison, and at the 99% CL, 0.4% of 1q21-22 genes were increased, and 5.9% were decreased in the schizophrenic subjects. Of all genes on the 1q21-22 locus, only RGS4 showed a consistent expression change across all the pairwise comparisons over the 99% CL. Of the remaining genes on this locus, only the ALL1-FUSED gene reported, in three pairwise comparisons, a consistent expression change over the 95% CL in the schizophrenic subjects. The expression of the remaining genes on locus 1q21-22 showed the same overall pattern as genes located on non-schizophrenia loci (data not shown).
Influence of chronic neuroleptic exposure on RGS4 expression
In our sample of 10 subjects with schizophrenia, two were not receiving antipsychotic medications at the
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Figure 3 G-protein signaling and 1q21-22 locus-related expression differences in the PFC of schizophrenic and control subjects as revealed by microarray analysis. For both gene groups, all expressed genes were classified into signal intensity difference intervals (0.1 bins) according to their cy5/cy3 signal ratio. Transcripts in a '1' bin had identical Cy5 vs Cy3 signal intensities. Positive values (to the right) on the x axis denote higher Cy5 signal in schizophrenic subjects (S Ͼ C), negative values (to the left) correspond to higher Cy3 signal intensity in the control subjects (C Ͼ S). The y axis reports % of expressed genes across the six subject pairs per bin for each gene group. In both panels, the white bars (All genes) denote distribution of all expressed genes across the six PFC pairwise comparisons (n = 22 408). (a) Each microarray contained baits for 274 G-protein signaling related genes. Across the six microarray comparisons, an average of 105 G-protein signaling related genes were expressed. (b) Out of 70 microarray-represented 1q21-22 locus-related genes, 239 were detected across the six microarray comparisons. RGS4 contribution to the transcript distribution is denoted by a hatched bar. Note that in both (a) and (b), the Cy3/Cy5 signal distributions of G-protein and 1q21-22 gene groups were comparable to the distribution of all expressed genes across the six microarray comparisons.
time of death (622s and 537s). Both of these subjects still showed decreased expression of RGS4. Using an animal model, we probed the potential of haloperidol to directly modulate RGS4 transcript levels (Figure 4) . In situ hybridization analysis in four matched pairs of chronically treated and control cynomolgus monkeys 30 showed no difference in PFC RGS4 expression (mean = +5.3%; P = 0.26). Similarly, a cDNA microarray comparison in one monkey pair confirmed that haloperidol treatment did not alter RGS4 gene expression in the frontal cortex (0% change).
Regional RGS4 gene expression changes
Recent studies suggest that changes in schizophrenia involve functional cortical deficiencies in multiple brain areas (for review, see Harrison 40 ). To examine whether there is a more widespread cortical deficiency in RGS4 transcript, we assessed by in situ hybridization RGS4 expression in visual (VC) and motor (MC) cortex from the same 10 pairs of control and schizophrenic subjects (for pair 558c/317s MC material was not available, and this pair was substituted with pair 794c/665s).
In VC, RGS4 showed heavy labeling in the gray matter, with a very prominent bilaminar pattern in the supragranular and infragranular layers (Figure 5a ), but sparse labeling in layer IV. Combined RGS4 expression in the supragranular and infragranular layers of VC was decreased by 32.8% (F 1,15 = 8.24; P = 0.012) (Figure 5b) .
In MC, RGS4 expression was concentrated over cellrich layers II-III and V-VI of both control and schizophrenic subjects (Figure 6a ). Layer IV is very attenuated in MC, and exhibited virtually no RGS4 labeling. The mean RGS4 expression (Figure 6b ) was decreased by 34.2% across the 10 schizophrenic subjects (F 1,15 = 10.18; P = 0.006).
Within the subjects with schizophrenia RGS4 expression was consistently decreased across the PFC, VC and MC (Figure 7 ). Factor analysis of the pairwise differences in RGS4 gene expression across the three different cortical areas for all nine common schizophrenic and control subject pairs revealed that over 84% of the total variance in expression was accounted for by diagnosis (variance proportion = 0.848, eigenvalue = 2.544, P = 0.001). 
Discussion
Gene microarray analysis of complex brain diseases provides an opportunity to discover specific alterations in gene expression among thousands of transcripts that may not yet be associated with a particular disorder. 41 In combination with in situ hybridization analysis, the present study reveals a robust and consistent change in levels of the RGS4 transcript in schizophrenia, and the absence of significant transcript changes in other RGS or G-protein signaling components represented on the microarrays. The analysis of another psychiatric disorder, MDD, showed that the cortical RGS4 transcript decrease is not associated with all psychiatric disorders. Given the role of RGS4 in regulating signaling through the G-protein cascade, 16 the present findings, together with our recent finding of decreases in the expression of genes regulating presynaptic secretory function, 10 suggest that schizophrenic subjects may have pronounced alterations in synaptic responsiveness in multiple brain areas.
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Figure 7
Relative RGS4 expression changes across the experimental groups. The x axis represents experimental groups, the y axis reports percent RGS4 expression changes in the PFC, VC and MC of SCH subjects, as well as the PFC of subjects with MDD viewed by in situ hybridization. Each symbol represents percent of change in a single pairwise comparison; the same symbols represent the same subject pairs. Green lines denote mean expression difference for each group. The same schizophrenic subjects showed a comparable and highly correlated decrease in RGS4 expression across all three cortical regions (PFC-VC: r = 0.88, P = 0.0003; PFC-MC: r = 0.69, P = 0.0384; VC-MC: r = 0.76, P = 0.0144). In contrast, subjects with MDD reported variable RGS4 expression changes when compared to their matched controls.
Microarray technology is by design unbiased, 42, 43 with no requirement for a specific null-hypothesis, but with the ability to rapidly generate massive datasets. This data-driven approach revealed consistent changes in RGS4 mRNA that we did not predict to be associated with schizophrenia a priori. The unchanged G-protein and 1q21-22 gene groups on the microarrays also highlight the specificity and robustness of the RGS4 findings, not easily assessed by conventional techniques. While it is likely that the robust changes in RGS4 transcript expression reflect an altered functional state, direct analysis of protein levels and activity is warranted. In our preliminary studies in cortical tissue, all currently available RGS4 antibodies failed to show requisite specificity against RGS4 on Western blots or in immunohistochemistry experiments, using human or monkey cortical tissue (data not shown). We are in the process of producing new antibodies.
RGS4 modulation of neural networks
Neurons co-express many different GPCRs and receptor signaling is coupled via multiple G-alpha proteins. RGS4 is situated at the point of convergence of many Gi, G-olf and Gq-coupled signaling pathways, potentially regulating the activity of multiple neuro-Molecular Psychiatry transmitter systems. [44] [45] [46] [47] Consequently, the specific biological effects of a widespread RGS4 decrease are difficult to predict. First, functional outcome will be influenced both by downstream gene expression changes and adaptations at multiple transcript levels. Second, functional changes will depend upon intrinsic differences among affected cell populations. For example, RGS family members are co-expressed in certain neurons, but in different overall patterns. 16, 18 Thus, other RGS family members may compensate for decreased RGS4 function in some neurons, but not in others. Moreover, cells expressing RGS4 may exhibit different patterns of putative substrate G-alpha proteins. 48, 49 Third, RGS4 is heterogeneously expressed in the CNS, 18 so that deficits in RGS4 expression could result in region-specific effects. Fourth, the effect of RGS4 deficiency on specific neural circuitry also will depend on the balance between altered inhibitory and excitatory signaling.
The known pharmacological effects of antipsychotic drugs are consistent with RGS4 serving as a regulator of GPCR-mediated signaling in the neocortex, and more specifically with D 2 receptor overactivity. 39 Typical antipsychotic agents, including haloperidol, are potent and relatively selective antagonists for Gi-coupled D 2 -like receptors. 23, 25, 50, 51 Atypical antipsychotic compounds (eg clozapine, olanzapine, risperidone), in addition to D 2 -like receptor binding, have antagonistic effects on multiple neurotransmitter receptors. 26, 52 As a result, atypical antipsychotics may inhibit Gi and Gqdependent signaling in a much larger neuronal pool than typical antipsychotic agents. We hypothesize that blockade of multiple GPCRs could compensate for the reduced ability of RGS4 to act as a GAP in schizophrenia, and thus inhibit putatively hyperactive Gi/Gqmediated signaling.
Potential mechanisms leading to altered RGS4 expression
We suggest two potential mechanisms to explain the consistent RGS4 expression decrease in schizophrenia. First, since schizophrenia is a multifactorial disease with multiple gene loci implicated in the inheritance pattern, 27 ,53 the decreased RGS4 expression across various cortical areas may reflect an inherited susceptibility factor for schizophrenia. This view, to some degree, is supported by our finding that of the 70 genes mapped to the 1q21-22 locus that were investigated on the microarrays, only RGS4 exhibited altered expression across multiple schizophrenic subjects. However, sequence-based analysis of the coding region of RGS4 in these schizophrenic subjects did not report informative polymorphisms or mutations (data not shown). Nonetheless, to establish if RGS4 is a susceptibility gene for schizophrenia, a more extensive genomic analysis will be required.
Second, the RGS4 decrease could be a schizophrenia-associated adaptive response, perhaps to compensate for a reduction in synapse number or function. Such an epigenetic influence is consistent with the second decade onset of the disease. 1 In childhood, high synaptic density could compensate for impaired synaptic efficacy. 54, 55 In the cortex, normal synaptic pruning ends in late adolescence, 56, 57 eliminating exuberant numbers of synapses. In schizophrenia, neurons could down-regulate RGS4 in an attempt to restore pre-pruning levels of GPCR signaling, resulting in less RGS4-dependent GAP activity and prolonged signaling through the G-protein pathways. Furthermore, in the neonatal ventral hippocampal lesion model of schizophrenia, 58 RGS4 expression in the PFC of adult rats was prominently decreased. 59 Regardless of the specific mechanisms of the decrease in RGS4 gene expression in schizophrenia, the consistency and robustness of our findings suggest that deficits in RGS4 expression are directly related to the more conserved symptoms of the disease, and thus represent a novel and promising target for therapeutic intervention.
